The purpose of this study was to analyze the quality and quantity of groundwater in Sharif Abad Basin, located in Central Iran. The analysis of data collected from 24 observation wells indicated that the mean water table has plummeted about 0.896 m/year during 19 years between 1993 and 2013 due to illegal groundwater pumping, which is the main cause of groundwater quality deterioration in this area. Seventeen samples were collected and analyzed to study physicochemical characteristics of groundwater such as pH, Hardness, Chloride (Cl), Electrical Conductivity (EC) and Total Dissolved Solids (TDS) values. The results were compared to drinking water quality standard published by World Health Organization (WHO) and it was concluded that none of the water samples was potable. The spatial distribution of anions and cations followed an increasing pattern eastwards towards the Salt Lake. The analysis of Hydrochemical facies of groundwater using Piper diagram indicated that the major type of groundwater in this basin is Na-Cl, which is mainly different from common type of fresh water in Iran (Ca-HCO 3 ). Suitability of groundwater for irrigation purpose was assessed using Wilcox diagram and it was shown that all the water samples in 2013 belonged to C4S4 category, meaning they were not suitable for irrigation either. According to the ratio of chloride-bicarbonate, 100% of the samples were contaminated by saltwater intrusion. Also, the sodium-chloride ratio indicated that almost 60% of samples were contaminated by Halite solution. The presence of this solution proves the presence of salt domes in this area.
Introduction
One third of the Earth's land surface is covered by arid and semi-arid areas. Water shortage is the most critical issue in these regions. Groundwater pollution is an environmental, social and political issue worldwide, so it is essential to study its quality to manage and protect this precious resource. Iran, in which water shortage and water quality deterioration are related to each other, is one of 27 countries predicted to face water scarcity crises between 2007 and 2025 [1] [2] .
Sharif Abad basin, with an average height of 850 m from sea level, which includes 441 km 2 of area, is located in Iran Central Desert between 33˚45' and 34˚23' latitude, and 51˚05' and 51˚54' longitude. This area is extended in a west-east direction so that it is restricted to Qom basin from south and Saveh from west and reaches to Salt Lake from the east. This basin has a dry climate and the main river of the area was Qom River which was dried out in 1994 due to construction of severely escalated groundwater quality deterioration, particularly in areas close to the sea [7] .
Yidana et al. carried out a multivariate and spatial analysis of groundwater in the Keta strip of the Keta basin. Major causes of groundwater salinity were detected as mineral weathering and seawater intrusion. Effect of saltwater intrusion on SAR was also analyzed. 51.5% of samples were found of a good quality for drinking, while 38.5% of them had fair and 10% had marginal quality [8] .
Stamatis et al. did a research on Oropos-Kalamos basin in Greece to define the effects of geology, lithology and human activities on groundwater quality. In this investigation, gathered data from 25 sampling sites were analyzed. Employing Durov diagram, five different groundwater facies recognized in this aquifer:
Ca-HCO 3 , Mg-HCO 3 , Na-Cl, Mg-Cl and Ca-Cl. Also, water quality for drinking and irrigation purposes was evaluated in this study [9] .
Kshetrimayum and Bajpai studied the groundwater of Makanda river basin to assess the groundwater quality for irrigation use. Hydrochemical analysis based on variety of parameters was done. Groundwater quality in this aquifer has been found appropriate for irrigation. Dominant hydrochemical facies of the groundwater in this area was which showed that it has seeped through sandstone and limestone rocks [10] . with Cl and Na [1] .
Since no study has been conducted in this area for groundwater resources, the objectives of this paper are to assess the quantity and quality of the groundwater for different uses and find the main sources of the pollution. In this research, the fluctuation of groundwater level over past decades is considered, furthermore, the effect of this phenomenon on groundwater quality of the study area is defined in the last year (2013) and potential causes of contamination are examined. Suitability of groundwater for drinking and irrigation purposes is discussed as well.
Materials and Methods
In this study, evaluation of groundwater quantity and quality were conducted using data obtained from 17 sampling wells and 24 observation wells. The location of study area and sampling wells which are recorded in Universal Transverse Mercator (UTM) coordinate system are shown in Figure 1 and Figure 2 [12] . These data are used to monitor how groundwater level decreased during 1993-2013. The origin of groundwater contamination is determined based on some indices and theories such as chloride-bicarbonate ratio, sodium-chloride ratio and Chebotarev sequence [13] . Moreover the suitability of groundwater for drinking and irrigation purposes are defined through standard limits for drinking water by WHO and Wilcox diagram respectively. Piper diagram is implemented to define groundwater facies of this basin as well.
Results and Discussion

Groundwater Depletion
Groundwater elevation data were collected from 24 wells between 1993 and 2013. Figure 3 
Groundwater Quality Deterioration
In order to assess the groundwater quality in the study area, acquired data from 
The EC Value
Dissolution of organic substances including cations such as sodium, magnesium, calcium, iron, and aluminum, and anions like chloride, nitrate, sulfate, and phosphate has an influence on the ability of water to pass the electrical current, which is called Electrical Conductivity (EC). Electrical conductivity of groundwater could be affected by geology of the basin and the bedrock [17] . The dominant water quality guideline for crop yield is the peril of water salinity which is measured by EC. High EC value irrigation water causes physiological drought. It means that plants root are unable to compete with ions for water in soil. By increasing the EC available water to crops decreases. This phenomenon has an adverse effect on crop yield [18] .
In Sharif Abad basin EC values of water samples in 2013 varied from 6040 to 21,050 μS/cm, which according to WHO standard is significantly higher than maximum permissible value of 1400 μS/cm for drinking water [15] . Spatial distribution of EC throughout the study area is shown in Figure 4 indicating higher concentration of total salt in the eastern part, near the Salt Lake. It can be concluded from Figure 4 that the dominant reason for EC increase in this basin is saltwater intrusion from the Salt Lake. Moreover, annual average of EC values from 2004 to 2013 shows a continuous growth ( Figure 5 ).
The Chloride Value
Presence of chloride is natural in different kinds of water. Cl (Chloride ion) is the major natural form of this element which is highly stable in groundwater [3] [6] [16] . Both natural sources such as precipitation, evaporates, dissolution and weathering the halite and anthropogenic sources like domestic and industrial 
The Total Dissolved Solid (
) Value TDS consists of mainly inorganic salts including calcium, magnesium, potassium, sodium, bicarbonates, chlorides and sulfates and a slight amount of organic substances which are dissolved in water. The origins of TDS include natural sources and also industrial discharges, urban runoff, sewage, fertilizers, road run off (containing salts used for road deicing) [15] . There is always a relationship between TDS and the electrical conductivity of water [26] [27] . High concentration of TDS can have an unfavorable effect on people and makes the water unpalatable. Too high or too low TDS concentration can lower the effectiveness of wastewater treatment plants and industrial processes that use raw water [28] .
The concentration more than 1000 mg/L for TDS in water can cause scale build-up in distribution system, heaters, boilers and household appliances. According to WHO there are no reliable evidence on effects of drinking water with high TDS concentration on human health, so no health-based guideline was suggested. However, based on taste consideration, maximum concentration of 1000 mg/L was proposed for TDS [15] .
In this study area, the TDS values of samples were in the range of 4065 - Figure 8 and Figure 9 respectively. Categorization of groundwater based on their hydrochemical properties is requisite to establish the suitability of it. This classification is presented in Table 4 [29].
The Hardness Value (TH)
Hardness is mostly caused by dissolution of calcium and magnesium and also other metals. Since hard water hinders home laundry and washing by reducing the effect of soap and synthetic detergent and also can result in scale formation in boilers and industrial equipment, it is an important matter for industrial and domestic water users. On the other hand, hardness less than 100 mg/L declines the water buffering capacity and causes corrosion in water pipes [15] [30] .
Drinking very hard water for long might give rise to heart disease and urolithiasis [31] . However, there is some evidence that very soft water may cause an unfavorable effect on mineral balance of human system [15] .
Concerning the adequacy of water for domestic use the maximum allowable level of 10 meq/L (500 mg calcium carbonate/L) in drinking water, is proposed by WHO. Nevertheless, suitability of TH level in water may differ in different communities, for example in some countries hardness level exceeding 500 mg/L is accepted by consumers in some cases [15] . Following formula is used in this study to calculate TH of the groundwater [32] .
( )
where TH is reported in mg/L as CaCO 3 and Ca and Mg in meq/L.
In this study area, the TH values of water samples were in the range of 1076 -3430 mg/L in 2013, signifying that all the water samples were in the "very hard"
category. Water samples were classified based on general scale for hardness in Table 5 [30].
The Sodium Value
Sodium is the sixth ample element on earth and broadly exists in soil, plants,
water, and food [33] . Sodium is also one of the main cations that naturally exist in fresh water. However, Na concentration is usually lower than Ca and Mg [16] .
Sodium may discharge to groundwater through road deicing chemicals, water treatment chemicals, domestic water softeners and sewage effluents [33] . Since there is no evidence of contribution of sodium presence in drinking water to hypertension occurrence, no health based guideline is recommended by WHO.
Nonetheless, based on taste adequacy, maximum limit of 200 mg/L is proposed [15] .
The sodium concentration in water samples of the study area were in the range of 1040 -3827 mg/L in 2013. All the concentration in water samples exceeded the standard value suggested by WHO. The average concentration of sodium in water samples was relatively higher than Ca and Mg (Table 2 ). This may be caused by geology of the study area, presence of the salt domes, and/or saltwater intrusion from Salt Lake. The growth of annual average of sodium values of groundwater for this basin during past decade is shown in Figure 10 .
The Sulfate Value
Naturally, sulfate exists in drinking water [34] . Highest concentration of sulfates typically happens in groundwater and originates from natural resources. They also may enter the groundwater through industrial waste and atmospheric deposition. Sulfate level more than 250 mg/L results in conspicuous taste and corrosion of distribution system [15] . High level of sulfate may also contribute to diarrhea, especially when the concentration changes abruptly from low to high in drinking water. This may cause gastrointestinal irritation to the human system all the samples were significantly out of standard range.
Hydrochemical Facies
Hydrochemical facies of groundwater are mainly affected by rocks and soil of the aquifer [5] . Residence time and also groundwater flow pattern are the other factors controlling the chemistry of groundwater [35] . The piper diagram is a powerful tool with a convenient method for water type classification. The basis of its method is ionic composition of water samples [5] .
This diagram helps to understand hydrochemical evolution of groundwater.
Moreover, by plotting similar water samples together as a group, piper diagram shows their similarities and differences [36] [37].
Based on data collected from sampling wells in 2013, the piper diagram of water samples are drawn ( Figure 11 ). According to this diagram and Table 6 , sodium seems to be the dominant cation, while chloride has higher concentrations in comparison with other anions. In this basin the major ions dominance order are as follows: Na > Ca > Mg > K and Cl > SO 4 > HCO 3 which means that the dominant water type is Na-Cl. This is mainly different from the routine type of fresh water in Iran (Ca-HCO 3 ). Moreover, in all samples strong acids (Cl + SO 4 ) outstrip weak acids (HCO 3 + CO 3 ).
According to Chebotarev, as groundwater flows through its path from the recharge zone to the discharge zone the order of major anions exists in bicarbonate, sulfate and chloride sequentially [13] . Accordingly, being in the vicinity of salt lake (discharge zone) is a reason for chloride domination in the groundwater type of this basin.
One of the good indicators to distinguish rock sources of the basin is Figure 11 . Piper diagram of 17 sampling wells. sodium-chloride ratio [38] . Table 7 shows the possible contamination sources of water samples based on Na/(Na + Cl) ratio in 2013. In this basin the aforementioned ratio were in the range of 0.48 -0.51 (Table 6 ). Based on Table 7 , ten samples were contaminated by halite solution and 7 samples were contaminated by saltwater intrusion.
Domination of chloride ion in sea water on one hand and bicarbonate ion abundance in groundwater on the other hand, makes chloride-bicarbonate ratio a useful indicator to identify saltwater intrusion [39] .
The ratios of Cl/HCO 3 in sampling wells in 2013 are shown in Table 6 . Raghunath proposed ratio of Cl/HCO 3 = 2.8 as the threshold for saltwater intrusion [39] . According to ratios presented in Table 6 and the proposed threshold, all samples have higher ratio than the prescribed ratio which means they are all Figure 12 . The distribution of chloride-bicarbonate ratio of sampling wells. contaminated by saltwater intrusion. This ratio is higher in eastern part of the basin, near the Salt Lake. Figure 12 shows the distribution of chloride-bicarbonate ration in the study area and Section A-A ( Figure 13 ) shows the increase of this ratio from the west to east part of basin, toward the Salt Lake.
Regarding water quality for agricultural use, Wilcox diagram, Sodium percentage and sodium adsorption ratio are considered.
The effect of the mineral dissolutions of water on both plants and soil should be taken into consideration in order to determine the suitability of groundwater for irrigation [40] . Salts change the osmotic procedure and cause restriction in uptake of water, and also contribute to metabolic reactions such as those caused by toxic constituent. These two phenomena impair the plant growth physically and chemically, respectively [41] . However, certain ions concentrations such as sodium and boron impacts on plants growth rather than the total salt concentration [16] . Sodium reacts with soil which results in low soil permeability, so it is an essential ion in classifying irrigation water. In this study following equation was used to calculate sodium percentage [29] : ( ) ( ) Na K 100 Na% Na Ca Mg K where the concentrations of the constituents are reported in meq/L.
Classification of water samples based on sodium percentage is shown in Table 8 , which indicates that all of samples are in doubtful category.
To appraise the suitability of water for irrigation purpose Wilcox diagram is used. Vertical and horizontal axis of Wilcox diagram is sodium absorption ratio (SAR) and (EC), respectively. SAR specifies the threshold in which water participates in cation exchange. Substitution of Na with Ca and Mg makes the soil compact and impervious which is a hazard for plants growth. Soil compaction diminishes the air and water circulation in wet conditions and normally makes soil hard in dry condition [42] [43] . SAR was computed using the following equation:
where the concentrations are reported in meq/L.
Water with SAR value higher than 10, results in permeability issues in soil and ultimately destroys soil structure. Soils with damaged structure cannot bear heavy agricultural machinery loads. SAR range of 10 to 25 is slightly satisfactory for irrigation but only on well drained soils with low salinity. But SAR values higher than 25 are not acceptable under any condition [44] .
The SAR and electrical conductivity values plotted on the Wilcox diagram indicate that all of the groundwater samples belong to C4S4 category ( Figure 14 ).
Water classification in this diagram is presented in two letters, first letter which includes C1-C4, depicts water categories with raising salinity hazard and second letter which includes S1-S4, depicts water categories with raising peril of exchangeable sodium accumulation in irrigated soil. Water samples belonging to C1S1 and C2S1 categories, are considered as good quality water. Moderate water belongs to C1S2, C2S2, C3S2 and C3S1 categories. Water samples which fall in other categories are considered as inferior quality water [4] .
These types of groundwater with very high salinity and sodium (C4S4) can be considered to have very poor quality, which can be used only for few plants with high salt tolerance.
Conclusions
Quality and quantity of groundwater in Sharif Abad aquifer located in Iran Central Kavir desert were studied in this paper. Quantitative analysis results showed The quality of groundwater in this basin was impaired by saltwater intrusion from the Salt Lake and the interaction between groundwater and salt domes.
According to the ratio of Cl/HCO 3 , 100% of the samples are contaminated by saltwater intrusion. Additionally, according to Na/(Na+Cl) ratio almost 40% of samples were contaminated by Halite solution indicating the presence of salt domes in this area. Over pumping of groundwater, especially for irrigation purposes, has disturbed the hydraulic and hydrochemical equilibrium of the groundwater.
Since the principal use of pumped groundwater in this area is for agriculture, changing the irrigation method from traditional techniques to mechanized and also cultivating plants with low water demands and high resistance against salinity are suggested. Controlling extraction from aquifer by developing pumping restriction area and consisting the water share from dams in upstream would be effective policies to save the basin.
